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^>^Two  1 : 30-scale  physical  hydraulic  models  of  the  Portugues  and  Bucana 
Rivers  were  used  to  determine  the  adequacy  of  the  original  designs  for  the 
flood  control  channelization  project  through  the  city  of  Ponce,  Puerto  Rico. 
The  proposed  channelization  included  trapezoidal  to  rectangular  channel 
transitions,  stilling  basins,  and  drop  structures  in  the  high-velocity  chan- 
nels. A 3300-ft  (prototype)  channel  length  was  used  to  study  the  transitions 
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and  stilling  basins  including  riprap  stability  downstream  from  the  stilling 
basins.  A 1200-ft  (prototype)  channel  length  was  used  to  study  the  drop 
structures  and  the  adjacent  riprap  protection  requirements. 

Test  results  indicated  that  the  original  design  with  certain  modifica- 
tions would  effectively  transmit  all  expected  flood  releases  from  the  pro- 
posed Portugues  and  Cerrillos  Dams.  Modifications  to  transitions  at  entrances 
to  the  high-velocity  channel  reaches  were  streamlined  within  the  original 
right-of-way  to  reduce  surface  turbulence  and  standing  waves.  Geometry  of 
the  original  stilling  basins  was  altered  to  prevent  the  oblique  hydraulic 
jumps  and  the  end-sill  heights  were  lowered  to  reduce  the  water-surface 
drawdown,  surface  roller  waves,  and  high  bottom  velocities  downstream  of 
each  basin.  ^ 
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The  original  design  Bucana  Channel  drop  structures  were  recommended  for 
the  prot<^type  because  the  preventive  measures  required  to  eliminate  the 
tendency/ for  eddying  near  design  flows  created  additional  problems  and  cost. 
Two  riprap  plans  were  developed  for  the  four  Bucana  drop  structures  with 
design  flows  of  2l*,T00  to  27,800  cfs.  Satisfactory  riprap  pl^ns  were  also 
developed  for  the  exit  channel  reaches  downstream  of  each  stijling  basin. 

/ / 

Modification  to  the  Portugues  stilling  basins  were  recpmraended  based  on 
the  results  of  the  Bucana  stilling  basin  test. 

After  completion  of  these  tests,  certain  right-of-way  changes  in  the 
prototype  were  realized  that  could  alter  the  location  and  design  of  the  struc- 
tures studied. 
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The  model  investigations  reported  herein  were  authorized  by  the 
Office,  Chief  of  Engineers  (OCE),  U.  S.  Army,  on  29  April  197^,  at  the 
request  of  the  U.  S.  Arn^  Engineer  District,  Jacksonville.  The  studies 
were  conducted  in  the  Hydraulics  Laboratory  of  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES),  during  the  period  March  1975  to 
November  1975 > under  the  general  supervision  of  Messrs.  H.  B.  Simmons, 
Chief  of  the  Hydraulics  Laboratory,  and  J.  L.  Grace,  Jr. , Chief  of  the 
Structures  Division.  The  tests  were  conducted  by  Messrs.  N.  R.  Oswalt, 
H.  H.  Allen,  and  W.  A.  Walker  \inder  the  supervision  of  Mr.  G.  A. 
Pickering,  Chief  of  the  Locks  and  Conduits  Branch.  This  report  was 
prepared  by  Mr.  Oswalt. 

Mr.  Sam  Powell  of  OCE;  COL  Emmett  C.  Lee,  District  Engineer, 
Jacksonville,  COL  Donald  A.  Wisdom,  District  Engineer,  Jacksonville, 

Mr.  James  L.  Garland,  Chief  of  Engineering  Division,  Jacksonville, 
and  Messrs.  Bill  Robinson,  Charlie  Osborne,  and  Bob  Bullock  of  the 
Jacksonville  District  visited  WES  during  the  study  to  observe  model 
performance,  discuss  test  results,  and  correlate  these  results  with 
concurrent  design  work. 

Directors  of  WES  during  the  study  and  the  preparation  and  publica- 
tion of  this  report  were  COL  G.  H.  Hilt,  CE,  and  COL  John  L.  Cannon, 

CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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U.  S.  customary  units  of  measurement  used  in  this  report  can  be  con- 
verted to  metric  (Sl)  units  as  follows: 


Multiply 

inches 

feet 

miles  (U.  S.  statute) 

feet  per  second 

cubic  feet  per  second 

pounds  (mass)  per  cubic 
foot 


^ 

2^.h 
0.  30I48 

1.6093^*^4 

0.301*8 

0.02831685 

l6.0l8l*6 


To  Obtain 

millimetres 

metres 

kilometres 

metres  per  second 

cubic  metres  per  second 

kilograms  per  cubic 
metre 
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MODEL  STUDIES  OF  THE  PORTUGUES  AND  BUCANA  RIVERS 


CliANNELIZATION,  PUERTO  RICO 
HydraiElic  Model  Investii^iation 


PART  I : INTRODUCTION 

Tlie  Prototype 

1.  Portugues  and  Bucana  Rivers  originate  on  the  southern  slopes 
of  the  Cordillera  Central  Mountains  in  Puerto  Rico  and  flow  from  this 
central  ridge  of  the  island  south  to  the  Caribbean  Sea  at  Ponce,  the 
second  largest  city  in  Puerto  Rico  (Figure  l). 

2.  Tile  authorized  plan  of  improvement  consists  of  two  multi- 
purpose lakes,  diversion  of  the  Portugues  River  to  the  Bucana  River  in 
tile  city  of  Ponce,  and  channel  improvements  on  both  rivers  as  shown 

in  Figure  1.  The  plan  would  provide  essentially  standard  project  flood 
protection,  a dependable  surface-water  supply  for  Ponce  and  surrounding 
area,  and  full  public  use  of  the  recreational  facilities  surrounding  the 
lake.  The  dams  would  be  rock-filled,  with  uncontrolled  overflow  spill- 
ways located  in  the  saddle  on  the  east  side  of  the  Cerrillos  Dam  and  in 
the  west  abutment  of  the  Portugues  Dam.  Outlet  works  would  include  an 
intake  tower  and  outlet  conduit. 

3.  There  are  no  provisions  for  maintaining  any  flow  in  the  old 
Portugues  Channel  downstream  of  the  diversion  channel.  The  lakes 
are  referred  to  as  Lago  de  Portugues  (Lake  Portugues)  and  Lago  de 
Cerrillos  (Lake  Cerrillos).  The  channel  improvements  in  Ponce  include 
enlargement  of  about  5*7  miles*  of  the  Bucana  River;  enlargement  of 
about  2.1  miles  of  the  Portugues  River;  and  a diversion  channel  about 
1.3  miles  in  length  connecting  Portugues  River  to  the  lower  Bucana 
River. 


* A table  of  factors  for  converting  1).  S.  customary  units  of  measure- 
ment to  metric  (SI)  units  is  presented  on  page  3. 


Existing;  Problems 


The  flood  problem  in  Ponce  is  amonp  the  most  serious  in  Puerto 
Rico.  Damaging  floods  occur  almost  annually  and  severe  floods  are 
expected  about  every  5 years.  The  flood  of  October  1970  was  the  last 
major  flood  of  known  significance  until  that  caused  by  Hurricane  Eloise 
in  September  1975,  during  this  model-testing  period.  More  than  6000  per- 
sons in  Puerto  Rico  (1500  in  Ponce)  were  reported  driven  from  their 
homes;  and  at  least  seven  deaths  and  extensive  damage  resulted  from 
Eloise.  Of  more  significance  than  loss  of  property  is  the  threat  to 
human  life.  During  major  floods,  the  entire  coastal  portion  of  the 
basin  from  Ponce  to  the  Caribbean  Sea  is  inumdated.  In  some  areas  of 
Ponce,  depth  of  flooding  during  a standard  project  flood  would  exceed 
6 ft.  Advance  warning  of  such  a flood  could  be  as  little  as  U hr,  thus 
precluding  safe  evacuation  of  the  populace. 

Purpose  and  Scope  of  Model  Investigation 

5.  Two  models  were  considered  necessary  to  verify  the  adequacy  of 
and  develop  desirable  modifications  to  the  transitions  from  the  trape- 
zoidal to  rectangular  Portugues  and  Bucana  Channels,  the  stilling  basins 
and  transitions  at  the  downstream  ends  of  the  concrete  channels,  and 
the  drop  structures  in  the  earth  channels.  One  model  was  used  to  study 
the  transitions  and  stilling  basins  including  riprap  stability  down- 
stream from  several  Portugues  and  Bucana  Channel  basins. 

6.  The  second  model  was  used  to  study  the  flow  conditions  at  all 
drop  structures  in  the  Bucana  Channel  and  also  one  Bucana  transition 
and  stilling  basin. 
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of  bed  material  represetitat  ive  of  the  prototype. 


PART  III:  TESTS  AND  RESULTS 


Bucana  Channel  Drop  Structures  1-^ 

12.  Tests  to  determine  the  adequacy  of  the  Bucana  Channel  drop 
structures  1-U  (Plate  2)  were  conducted  in  the  facility  shown  in  Plate  3 
and  Figure  2b.  For  expediency,  the  initial  test  channel  was  covered 
with  grout  in  lieu  of  riprap.  The  channel  riprap  requirements  were 
determined  in  later  tests  after  the  optimum  drop  structure  design  had 
been  developed. 

Drop  structure  1 

13.  Initial  tests  conducted  with  drop  structure  1 (Photo  1, 

Bucana  Channel  sta  213+20)  indicated  that  a satisfactory  hydraulic 

jump  could  be  maintained  in  the  basin  with  the  design  flow  of  27,800  cfs 
(Photo  2).  The  model  water-surface  profile  and  computed  water-surface 
profile  along  the  center  line  of  the  channel  and  66  ft  each  side  of  the 
center  line  were  in  close  agreement  (Plates  h-6) , 

lU.  Performance  curves  obtained  for  drop  structure  1 throughout 
the  range  of  expected  operation  (Plate  7)  indicated  that  the  original 
design  structure  would  provide  a satisfactory  drop  in  water  surface 
without  increasing  downstream  velocities  or  creating  adverse  flow  pat- 
terns. Photographs  of  the  flow  conditions  observed  with  the  design 
flow  of  27,800  cfs  and  a range  of  tailwaters  beyond  those  expected  are 
provided  in  Photo  3.  Both  upstream  and  downstream  velocities  for  the 
original  design  are  provided  in  Plates  8 and  9« 

15.  Although  satisfactory  performance  was  obtained  with  the 
original  design,  baffle  blocks  were  tested  in  the  basin  to  determine 

if  they  would  strengthen  the  jump  and  reduce  velocities  downstream.  No 
improvement  to  flow  conditions  was  realized  with  baffle  blocks  in  the 
relatively  short  basin;  therefore  the  original  design  drop  structure  1 
(Plate  2)  was  recommended. 

Drop  structure  2 

16.  Performance  curves  obtained  throughout  the  expected  range  of 
operation  (Plate  10)  indicated  that  the  original  design  structure  would 

10 
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pooti'd  tailwatora,  no  modi  t'l  oat  iona  won*  roooiimu'iidod  to  tho  i'riginal 
doaign  virop  atruoturo 
Ih'op  atruoturo  1 

I'f.  rorformanoo  ourvoa  obtainod  thronghont  tho  oxpootod  range  ol' 
operation  (I’liito  it)  indioatt'  that  tho  original  doaign  atria-turo  1 would 
provide  a aat  iafaotory  drop  in  water  aurfaoo  without  inoroaaing  down- 
atri'iuii  volooitioa  or  oroating  advt'rao  flow  pattorna.  I'lu'ti'a  ‘'ii,  ‘-b,  and 
bo  allow  1‘low  oonditii,'na  with  the  doaign  t'iow  vM'  ',’00  oi'a  and  tailwator 
olovationa  of  101. P ( fv'rood  .lump),  lOli.b  (g^'od  .Uuiip',  and  106.0  (aub- 
morgovi  .Uunp),  roapoo  t i vo  ly  . A oont  t'r- 1 i ta-  wat  i-r-aur  faoo  profile  and 
volooitit'a  moaaurod  lb  ft  upat  lavun  and  fb  ft  downat  roam  of  tin'  atruoturo 
are  providoil  in  I'lntoa  ill  and  lb.  baaed  on  tho  good  pi'r I'ormanoo  v't'- 
tainod  within  the  range  of  oxpootod  tailwatora,  ik'  iiu'd  i f i oat  i oiia  wore 
rt'ooimiiondt'd  to  the  iiriginal  doaign  drop  atruoturi'  1. 

Prop  atruoturo  I* 

16.  I't'f formanoo  ourvoa.  on  drop  a.truoturt'  It  (Plato  U'"!  for  the 
full  range  t'f  oxpootod  flowa  up  to  .'11,700  ofa  indioatt'd  that  tho 
original  doaign  would  provide  a aat  i a.  f.aot.ory  drop  in  water  aurl'aoo 
without  ort'iiting  a a.  ign  i f i otint  inoroaao  in  downat  nnuii  volooitioa.  llv'w- 
ovor,  fi  mild  eddy  did  dovt'lop  with  tho  normal  tailwator  .and  roduood 
volooitioa.  in  oaoh  aivlo  ol'  tho  drop  atruoturo.  'I’hia  i nt  t'rmi  1 1 out  eddy 
ooourrod  on  otioli  aide  of  drop  atruoturo  1*  fia  akotohod  in  Kigurt'  1 with 
tiiilwiitora  O.b  t't  or  more  abovt'  the  normal  tfiilwator.  'I'liia  oroatod  ro- 
vorao  t'iow,  roduot'd  t hi'  oft'ootlvo  width  of  drop  atruoturo,  and  oroatod 
higher  volooitii'a  in  tho  remaining  width  ot'  atruoturo.  Photographa  of 
good  and  bad  flow  oonditiona  with  tho  original  doaign  and  a diaohargo 
I'f  pli,700  ot'a  are  ahown  in  Photo  t'. 
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NORklAL  TAILWATCR  CL  116$ 


Fif.’iui't'  ,'5.  1 111  orini  t t out  ('dditn;  in  drop 

r.t  riiotiiro  I),  ori^'iiinl  donign 


10,  Tlu'  oddior.  ohr.orvod  al.  lailwator  olovationr.  of  O.'^  ft  or 
more  above  normal  with  drop  atrnotnia'  li  (I'liotv'  hb)  w<'re  attributed  to 
tdie  abrupt  approaoh  walla  and  the  related  tailwatt'r  eli-vation.  'I'liert'- 
I’ore  mod  i f ieatJona  to  t.lie  oripjaa.l  approaoh  walla  were  tmited  to  pre- 
vent. ooonrrenoe  ot'  these  t'ddiea.  Varioiia  aemi  o i roul  ar , o\irved,  and 
at.i'ai^'lht.  walla  were  teat.evi.  neai(.':n  It,  shown  in  riat<>  17,  oonaiatr.  of 
a ^'i-ft  npat.T'eam  extension  oi'  t tu'  approaoh  walls  on  eaoh  side  with  a 
1‘1-l't.  radius  at.  the  abiitminits.  This  desi(i:n  previ'iited  the  eddies  and 
rediioevt  t.lie  maximum  downs  tretun  velooit.  ies.  A oomparison  of  the  orip.  inal 
liesipn  and  desipn  li  veiooities  (I'lat.e  18)  shows  the  improved  flow  dis- 
Iribut.ion  and  rednoed  vt'looities  iK'aT’  the  Inveid  with  desipn  li . Walls 
slu-'rtcr  tlian  ft.  were  not  as  effeot.lve  in  improvlnp  fK'W  oonditions. 
Wat  er-sur  faoe  itrofiles  of  the  oriplnal  lit'sipn  and  desipn  li  .are  shown 
in  riates  10  and  FO,  respeot  i veiy . Thotopraphs  of  flow  ooiuiitiv'ns  with 


desif^n  It,  a 2li,700-cfs  design  flov,  and  tailwaters  of  II6.8  and  119.2 
are  showTi  in  Photo  7* 

20.  Unfoi'tunately , the  design  1+  structure  increased  hydraulic 
capacity  and  approach  velocities  relative  to  those  with  the  originui 
drop  structure  It,  and  would  i-equii-e  costly  additional  r.rotection  up- 
stream (Figure  It).  'I'herefore  the  original  basin  design  was  favored  and 
recommended  for  the  prototype. 


Figure  U.  Drop  structure  It,  design  U,  type  1 riprap 
plan  (looking  downstream) 


Riprap  Requirements  Adjacent  to  Drop 
Structures,  Bucana  Channel 

21.  Two  riprap  plans  were  developed  for  the  four  Bucana  drop 
structures.  The  largest  drop  structure  (l)  with  the  highest  design 
flow  of  27,800  cl's  required  riprap  protection  plan  10  (Plate  21). 

Drop  structures  2,  3,  and  H with  a design  flow  of  2lt,700  cfs  required 
riprap  protection  plan  8 (Plate  22). 


The  t.viu’  i'  plan  I’t'ia'iimu'iivifd  for  drop  rilrudiji 
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tort  and  indii.’aLod  that  iiia  int  onaiico  win  ivroi'abl.y  bo  I’ccjuirod  after  the 


laj’j'or  flood;;  for  a..l  1 four  drop  atrui-t.uror . 'I'lio  dotxasitioii  c'f  rand  and 
and  loor.o  rtono  in  iho  atruct  uro  downalroani  of  t lie  upper  nill  (Fipuj’o  d 


iput’;'  'j . Poponi  t a of  ;;and  ami  atone  in  drop  rtrncturo  a 
after  30-inin  (prototype)  operation  with  .’It  ,i'00-cfa  flew 


iid  not,  ri'dnce  the  r.tructuri 


iepoail.  ion  t.o  lie  e.xfu’ct.ed  durin,’'  protot.ype  deivipn  f lowa. 

,'3.  Plk'lt’'  IP  aliowa  t.he  recommended  riprap  dei’.ipn  t' 


r.tfuoturo  it  tnkoii  after  the  desi(T,n  flow.  This  ooiuiition  is  typieal  of 
t i\at  expected  at  drop  sti-uctiires  P,  3,  and  It. 

hish-Veloclty  Channel  A1  it:;iui>ent  and 

Transitions  Pesl>i;n,  Pucann  Channel 

pit.  Tests  iti  the  higli-veloeit.y  reach  of  ihicana  Cliannel  between 
sta  lblt+00  itnd  131+00  were  conducted  to  determine  thie  adequacy  of  the 
original  design  channel  aligiment , transition,  tuid  stilling  basin.  Al- 
though the  original  channel  retained  the  design  fl(^w  of  .''^OOO  cfs-  wi'ttii 
tite  vertical  walls  as  shown  itt  Photo  11,  the  turbult-nce  aiui  standing 
waves  generated  in  the  original  transition  (Ptiot.o  IP)  were  improved  by 
desigit  P (I'late  P3).  This  modi  f icat  ion  shortened  the  transition,  I’e- 
mained  witiiin  the  original  channel  rigtit-of-way , at  reiunl  ined  the  flow, 
and  lowered  the  water  surface.  A water-surface  profile  obtained  along 
the  cetiter  line  of  the  original  channel  is  provided  in  Plate  p!^ . Tests 
with  the  design  2 transit.ion  between  sta  1TT+1*3  and  Ist+PO  indicated 
improved  flow  coi\ditions.  The  entire  Pucana  Phannel  watei-  surface  be- 
tween sta  139+00  and  lT*t+00  was  lowered  an  average  of  P ft,  and  the 
stirface  reflected  waves  wei'e  greatly  reduced  as  sliowii  in  i'hoto  11. 
However,  an  increase  in  w.at.er  level  of  P to  1 t't.  res\ilted  upst  renn;  of 
the  design  P t ratisit  ic'U.  Modifications  to  the  transition  slu'wn  in 
I'K'it  e P‘1,  design  1,  lowered  t l^e  wat  er  surface  upst  re;im  and  rt'taincvi 
the  improved  flow  conditions.  Flow  conditions  with  the  design  1 
transitiot^  are  shown  in  i'hoto  iH  and  a water-sttrface  profile  is  pro- 
vided in  I'late  P6.  The  design  3 transit.ion  is  recommei\ded  for  tite 
prototype. 


Pucana  Ptilllitg  basins 

PP.  Tite  original  stilling  basin  produced  ati  irregtilar  or  oblique 
hydratilic  .lump  with  flows  from  S,000  to  28,900  cfs  and  expected  tail- 
waters.  The  toe  of  tite  .Itmip  was  approximately  IPO  ft  upstream  of  tite 
tior i '.'.ontal  aprott  as  shown  in  Plate  27*  Mtliougli  the  inflow  was 
reasonably  balanced  at.  the  basin  entrance  (sta  I tO+liol,  as  shown  by 
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sill  located  90  t't  downstream  were  best  for  the  design  flow.  This  de- 
sign permitted  a reduction  of  U8  ft  in  the  original  138-ft  length  of 
parallel  wall  section.  This,  however,  did  not  eliminate  eddies  with 
the  intemediate  and  low  discharges  that  allowed  the  Jximp  to  move  up- 
stream into  the  flared  wall  section.  Further  improvements  in  stilling 
basin  B-1  were  realized  by  modifying  the  invert  slope  in  the  flared 
wall  section. 

27.  The  design  5 stilling  basin  B-1  (Plate  30 ) produced  satis- 
factory flow  conditions  for  the  full  range  of  expected  discharges.  Good 
energy  dissipation  resulted  in  the  basin  as  shown  in  Photo  15  with 
normal  tailwaters  and  flows  of  5,000,  10,000,  15,000,  20,000,  25,000, 
and  28,900  cfs  (design  flow). 

28.  A test  was  conducted  to  check  the  effect  of  the  B-1  stilling 
basin  being  partially  plugged  with  debris  and  indicated  that  a buildup' 
of  bed  material  will  occur  on  the  right  side  of  the  channel  without 
adversely  affecting  flow  conditions  and  riprap  stability.  Figure  7 
shows  the  B-l  stilling  basin  after  30  min  of  simulated  p'rototype  flow 
with  sand  and  debris  introduced  upstream  of  sta  I6O+OO. 

Original  design  B-2 

29.  Results  of  tests  conducted  with  the  original  designs  of 
Bucana  stilling  basins  B-2  and  B-3  indicated  the  necessity  to  modify 
the  end  sills  and  the  channel  bottom  immediately  downstream  to  accommo- 
date design  flows.  The  original  B-2  and  B-3  end  sills  were  vertical 
and  8.0  ft  and  8.3  ft  high,  respectively.  According  to  the  most  recent 
hydraulic  design  guidance,*  the  end  sill  heights  for  both  B-2  and  B-3 
should  be  0.5  D^.  This  would  yield  end  sill  heights  of  2.5  to  3*0  ft.. 
Sloping  end  sills  are  preferred  to  vertical  or  stepped  end  sills  be- 
cause of  their  self-cleaning  tendency  which  reduces  damage  from  trapped 
rock  ana  other  debris.  The  baffle  blocks  in  both  basins  are  located 
and  sized  in  accordance  with  the  above-referenced  design  guidance. 

30.  Photo  16  of  the  original  P-2  basin  was  taken  before 

* U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  "Repiort  of 
Hydraulic  Design  Conferences,  1971-1972,"  page  6,  Dec  1973,  Vicksburg, 
Hiss. 
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Figure  7.  Fatui  auii  debris  in  stilling  basin  b-l  after  IC-min 
(prototype)  operat  ion  with  ilesign  flow  Fl'.oQO  el’s 

operat  ing  the  model  and  i'hotc  17  siiows  the  basin  witli  t tie  design  flow  op 
78,1(00  oPs.  Failure  oP  tlie  original  design  Pl(-in.  riprap  is  sliown 
in  Fluito  i8.  [iOwering  tdie  end  sill  and  exit  ohannel  as  disoussed  in 
paragraph  IF  prevented  movement  oP  the  .'i(-in.  ri\'rap.  A weak  iiydraulie 
.Ivimp  formed  in  the  basin,  although  velooities  downs t reiuti  were  I’ot 
equally  distributed  across  the  channel  (I’late  11 ) . Also,  there  was  a 
considerable  drawdown  of  the  water  sui’Paoe  immediately  downst j'ejuii  Prom 
the  end  sill  (Flate  17).  The  unequal  di strilnit ion  of  velocities  was 
attributed  to  the  t.ransition  upstrojuii  between  sta  l88+'-'t7.8  and  l67+('t', 
and  the  drawdown  in  water  surface  was  attributed  to  the  high  end  sill. 
Prig i nal  des i gn  B- 1 

11.  Photo  10  of  the  original  F'-l  stilling  basin  was  taken  bePort' 
iipt'rat  ion  of  th<'  model  nnii  Photo  70  was  taken  with  the  design  Plow 
77,700  cPs.  Velocit  ies  measured  downs t rejuii  Piami  the  basin  ai'e  shown 
in  Plate  11  a(\d  a wat er-s\ir Pace  prot'ile  is  shown  in  Plate  li(.  I'he 
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ThoriM'oro,  the  loast  oosst  ly  bottom  r.K'j'o  t-.hoviKi  be  i^elt'oted  I’or  t lu'  pi\'- 
totype.  The  wat er-iuiri‘ace  profile  an^i  maximum  vt'looitier-  obaei-veJ.  with 
the  reoomrieiuled  b-.'  baaiii  art'  provide^i  in  riatea  to  and  >7.  rt'r.peot  i vely . 
Reoommended  deai^^n  b-o 

'!t , riate  oontaitn.'  the  reoottm', ended  deaip.n  for  the  b- 1 rtillinp 
baaiti.  Maximum  velooities  (i'late  >0)  and  the  wat er-anrfaoe  pi\'t'ile 
(riate  itO)  observed  with  the  dt'siftti  disoharge  indioated  (tv'od  per t'ormanot' 
with  the  reoommended  b-3  basin. 

rort\ip:ues  Channel  ft  tiling:;  basins  b-l  and  F-f 

b'.  A review  of  the  bortiiftnes  Channel  stilliiif;  basins  F-l  and  F-.' 
indioated  that  the  ..'I'ittinal  desi(-tns  were  struoturally  similar  to  the 
I'lioana  basins;  attd  althottf^h  the  uitit  disohai-f^es  were  lower,  relative 
modi fioat ions  oonld  be  made  for  basins  F-l  and  F-F  bast'd  on  test  resnlts 
of  basins  b-1,  b-.',  and  b-t.  The  prt'posed  modi  fioat  ions  for  stillint; 
basins  F-l  and  F-C  are  prt'vided  in  Flates  !*  1 and  It.'',  respeot  i vt'ly . 

Riprap  Froteotion  for  Varit'ns  Reaohes 
of  I'lioana  Channel 


lb.  Tests  were  oondnoted  to  determine  the  minimiur.  riprap  require- 
ments downstream  from  buoana  stillinj-t  basin  b-1  and  upstreiuv.  from  t lit' 
transit  it'n  at  sta  l‘'7+lM.  Initial  tests  were  ot'nduoted  with  K'-in. 
riprap  sK'ped  up  IV  on  .'’'I!  to  the  natural  ohannel  invert.  Failurt'  ot" 
this  riprap  ooourrt'd  with  the  desiptn  di soharf-^e  as  shown  in  I'ifturt' 

The  lb-in.  rit'rap  was  replaot'd  with  .'It-in.  riprap,  but  Sf-tain  I'ailure  oo- 
ourred  with  the  desif^n  disoharge.  A tC-in.  riv'rap  blanket  was  reo,uired 
to  remain  stable  on  the  lV-on-.'‘'it  upslopt'  viow-nst  remti  of  the  reo.'rmtended 
b-l  basin;  however,  a .'!i-in.  riprap  blanket  was  adequate  proteotion 
when  plaoed  horizontally  at  el  11.''  dv'wnst  reiuv.  of  the  reoommended  basin 
desif.:n  shown  in  Flate  I*'.  This  plan  is  reoommended  for  prototype  use. 
Flu'to  .'1  shv'ws  the  moiiel  at'tt'r  1-hr  (prototype'  opt'rat  ion  with  the 
desif^n  flow  of  .'b,O00  ot's  and  indioat  es  that  the  U'-in.  riprap  on  t lie 
side  slopes  and  the  C!i-in.  riprap  on  the  invert  will  be  stable  althoufth 
the  natural  ohannel  bottom  is  likely  to  be  sov'ured  as  was  the  model 
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Failure  oi'  K'-iii.  riprap  ni'ler  30-tnin  ^ pi'ot ot.vpe ) 
oporat  iou  with  deaip:!!  I'low  .'t'.OOO  rt'a 


r-aiid.  Tho  revetment  tee  pret<'etien  nethevi  "A"  I’rem  ftipiineiM-  Manual 
lllO-P-itHtl , * waa  uaed  aLen^t  t lu'  bank  nleper.  I’ei'  a dt'pt  h e!'  It  t't  belew 


the  existing',  ^treuiuil  ine.  It  ia  reeeratu'nded  tb.at  thia  met  hed  be  uaed 


in  the  pretetype  to  preteet  a^^ainat  peaaible  aeeur  ef  the  natural  invei't 
.^7.  The  erii^inal  riprap  prete,  .ien  upatreiuii  ef  tranaitien  de- 
sign d U’late  !*li  and  Fhete  d.')  was  expeaod  te  the  deaign  flew  fer  hr 
(pretot.vpe) , oauaing  seme  r.eveinent  ef  the  sand  K'ttem  and  leeae  atene 
without  actual  failure  er  dtuiiage  te  the  l''-in.  riprap  bettem  er  alepes 
(Fhete  <?e).  The  original  ripi'ap  preteetien  plan  tFlate  withstood 

9-hr  additional  exfx'sure  with  db.OOO  efa  without  d.'unage  and  is  therefore 
recemended  for  the  prototypt'. 


Ft'partment  of  the  Arny.-,  "liydraulie  Peaign 
Ftigineer  Manual  1 1 1 0-.'- IbOl , 1 Jul  lO'i’O, 


Office,  Chief  of  Kngineer 
of  Flood  Control  Channels, 
Washington,  l\  C. 


i'AHT  IV:  Dlt'>CUi?tUON  OF  RESULTS 


■> 

Tests  to  determine  the  adequiicy  oT  the  channel  improvements 
on  both  Bucana  and  Fortu^^ues  Rivers  indicated  that  the  original  design 

i 

with  certain  m.odi  t’i  oat  ions  would  effectively  transmit  all  expected 
! flood  conditions  up  to  the  standard  project  flood  mui  releases  from  tlie 

i'ortugues  tuid  Oerrillos  Ptuiis . 

3d.  Eddies  tended  to  occur  with  tnilwnters  above  normal  at  design 
flows  witli  Buciuia  drop  structures  1,  2,  and  3.  Although  mild  ed^iying 
did  develop  witli  Pucana  drop  structure  ^ at  normal  tailwater  and  the 
design  flow  of  2ii,T00  cfs,  the  preventive  measures  to  improve  the  down- 
stretun  perform.ance  increased  hydraulic  capacity  suid  approacti  velocities 
and  required  more  expensive  channel  protection  upstretim.  Therefore,  the 
original  design  drop  structures  1-1*  were  favored  and  reconar.ended  for 
prototype  construct  ion. 

1*0.  Two  riprap  plans  were  developed  for  the  four  Pucana  di'op 
structures.  The  largest  drop  structure  (l)  witli  the  liigb.est  design 
flow  of  27,^00  cfs  required  riprap  protection  plan  10.  Prop  struc- 
tures .’-1*  with  a design  flow  of  2l*,T00  cfs  required  riprap  protection 
plan  8.  Tile  deposition  of  model  sand  and  riprap  in  the  drop  sti’ucture 
basin  indicated  that  "clean-out"  type  maintenance  will  probably  be 
required  after  the  larger  floods. 

1*1.  Tests  in  the  high-velocity  reach  of  the  I'ucana  Ohannel  be- 
tween sta  lbl*+00  and  131+00  indicated  surface  turbulence  :uid  stand' :ig 
waves.  Transition  modifications  (design  3)  provided  tlie  i.e.-v  im- 

provements for  the  range  of  exi'ected  flows.  Tb.e  ori  '..il  ucana  st  til- 
ing basins  P-1,  P-2,  and  P-3  produced  irregular  v'r  oblque  hydraulic 
.liunps  with  flows  from  5,000  to  28,O00  cfs  and  .xicctcd  tailwaters. 
Excessive  end-sill  heights  on  all  three  basin  designs  caused  water- 
surface  drawdown  and  siu'face  waves  downstrciuii  from  the  basins.  Fddies 
within  stilling  basin  1^1  were  eliminated  by  modit'ying  the  invert  slope 
and  the  overall  basin  dim.ensions  as  sltown  in  design  The  basic  modi- 
fications recommended  for  both  P-2  and  P-3  btisins  were  the  lowering  of 


the  end  sills  and  exit  channels  to  prevent  severe  standing;  waves  and 
hi(;h  bottom  velocities. 

1*2.  Modi fications  to  the  Portugues  stilling:  basins  P-1  and  P-2 
were  recommended  based  on  the  results  of  the  Bucana  stilling  basin  tests. 

1*3.  Satisfactory  riprap  plans  were  developed  for  the  exit  channel 
reaches  downstreajii  of  each  stilling  basin.  The  minimum  rip'rap  protec- 
tion requirements  established  were  adequate  for  the  full  range  of  ex- 
pected flows  and  tailwaters. 
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Photo  1.1.  Overall  view  of 
model  (Bueaiia  Channel,  ori 
ii\al  deaif’n);  design  flow 
28,000  ofs 


Photo  12.  Ihieana  Channel  original  design  transition 
sta  1‘^T+81  (looking  downst  rt'am^ , design  flow 
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t-illitig  basin  P-3  (original  dosign 
1*2,700  ct’s,  tailwater  oi  129.5 


Photo  20 


Photo  21.  Ot-illing  basin  P-1  (typo  5)  after  i-hr  ( )'rot ot y pe ( 
operation;  < yj'O  7 riprap  pian,  iP-in.  riprap  on  slopes,  2li-in 
riprap  on  bottom  (ei  ii.'') 
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Photo  ?3.  Original  riprap  plan  al'tor  10-miii  (prototype)  oporat  ion 
with  iicsi(.’:n  flow  ;’8,900  B\icnna  t rnnai t ii^n  lioaign  3 


BUCANA  DROP  STRUCTURE 


INFLOW 


DROP  STRUCTURE 
TEST  FLUME 
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WATER  SURFACE  66  FT 
LEFT  OF  CENTER  LINE 

DROP  STRUCTURE  I 


DESIGN  WATER  SURFaC 


PLATE  6 


DROP  STRUCTURE 
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PLATE  8 


MAXIMUM  UPSTREAM  VELOCITIES 

DROP  STRUCTURE  I 


DROP  STRUCTURE  2 


DROP  STRUCTURE  2 


£ MODEL  WATER-SURFACE  PROFILE 


WATER-SURFACE  PROFILE 

OTE;  DESIGN  FLOW  24,700  CFS.  DROP  STRUCTURE  3 


DROP  STRUCTURE  4 

DESIGN  4 
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PLATE  22 


BUCANA  CHANNEL 


PLATE  24 


original  design 


TRANSITION  DESIGN  3 

BUCANA  CHANNEL 


htODtL  WAT^P  SUPPACe 


RECOMMENDED  DESIGN  3 TRANSITION 


PROXIMATE  TOE  OF  JUMP 
Z8,900  CFS 


ORIGINAL  DESIGN 


NORMAL  TAILWATER  EL  28.6 


WATER -SURFACE  PROFILE 

STILLING  BASIN  B-1 
DESIGN  2 
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STILLING  BASIN  B 
ORIGINAL  DESIGN 


STILLING  BASIN  B-3 
ORIGINAL  DESIGN 
DESIGN  FLOW  22,700  CFS 


STILLING  BASIN  B-2 


DESIGN  FLOW  28,400  CFS 
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TYPE  2 DESIGN 
DESIGN  FLOW  22,700 


PROPOSED  DESIGN 

STILLING  BASIN  P-  I 


PROPOSED  DESIGN 

STILLING  BASIN  P-2 


PLATE  44 


BUCANA  TRANSITION 
DESIGN  3 


